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Shinichi Yoshimura, MD, PHD,* Masanori Kawasaki, MD, PHD,† Kiyofumi Yamada, MD,*
rihiro Hattori, MD,† Kazuhiko Nishigaki, MD, PHD,† Shinya Minatoguchi, MD, PHD,†
oru Iwama, MD, PHD*
OPT ICAL COHERENCE TOMOGRAPHY (OCT ) has not yet been applied to human
carotid arteries during carotid artery stenting (CAS). The following images show the value of OCT (M2
OCT Imaging system, LightLab Imaging, Inc., Westford, Massachusetts) used on 20 plaques in 17
patients during CAS under a proximal cerebral protection method in evaluating human carotid arteries
during and after CAS. Fibrous cap disruption, intraluminal thrombus, and plaque protrusion after
Figure 1. Intraluminal Thrombus
Right carotid angiogram just prior to carotid artery stenting (CAS) showed severe stenosis (arrow) of the internal carotid artery (A). Cross
sections by optical coherence tomography (OCT) (B) demonstrated large thrombus as a backscattering protrusion into the carotid lumen
with signal free shadowing (white arrow). Intravascular ultrasound (IVUS) (C) showed eccentric and low-echoic plaque, but did not
discriminate this thrombus from other tissue components. T1 weighted images of black-blood magnetic resonance imaging (MRI)
(D) showed severe stenosis with high intensity spot without clear margin (blue arrow). In this patient, carotid endarterectomy was
performed instead of CAS because a large intraluminal thrombus was clearly demonstrated by an OCT. Post-operative pathological
analysis with Hematoxylin and Eosin staining (E) demonstrated a large intraluminal red thrombus (blue arrow) in the carotid artery.
The bar (B, C, D, and E) equals 2 mm. This patient was reported previously (Yoshimura S, Kawasaki M, Hattori A, Nishigaki K,
Minatoguchi S, Iwama T. Demonstration of intraluminal thrombus in the carotid artery by optical coherence tomography: technical
case report. Neurosurgery 2010;67:onsE305).
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433stenting was easily detected by OCT. There were no technical or neurological complications. OCT could
best visualize the near side of the vessel luminal surface pathology (intraluminal thrombus or ﬁbrous
cap disruption) with a high resolution of 10 m, whereas intravascular ultrasound, magnetic resonance
imaging, or computed tomography allowed assessment of the entire arterial wall, albeit with lesser
resolution. OCT and other imaging modalities thus complement each other and may aid in discrimi-
nating plaques that are eligible for CAS. See Figures 1, 2, 3, 4, 5, 6, and 7.
Figure 2. Tissue Protrusion
Representative images of the plaque protrusion of the patient with symptomatic left internal CAS after CAS are shown. Plaque protrusion is considered to be
one of the sources for the embolic complication after CAS. Plaque protrusion from stent struts just after stent deployment was clearly demonstrated by OCT, but
was overlooked by IVUS. It is well known that distal embolism is the leading cause of clinical complications with CAS. Therefore, conﬁrmation of plaque protrusion
by OCT may provide useful information to predict or prevent embolic complications after CAS. Carotid angiogram (A) demonstrated the plaque protrusion after stent
placement (blue arrow). OCT (B) demonstrates the tissue protrusion from the spaces between stent struts (white arrows). IVUS with and without ChromaFlo (Eagle Eye
Gold, Volcano Therapeutics, Rancho Cordova, California) (C, D) did not clearly show this ﬁnding. The bar (B, C, and D) equals 2 mm. Abbreviations as in Figure 1.
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434Figure 3. Neointimal Growth
Follow-up examinations using OCT and IVUS were performed. After more than 2 months following CAS, complete neointimal growth over the deployed stent
struts was observed in OCT but not in IVUS images. The (A) OCT image, (B) corresponding IVUS image, and (C) IVUS image with ChromaFlo (Volcano Therapeu-
tics) are shown. The bar (A, B, and C) equals 2 mm. Abbreviations as in Figure 1.Figure 4. Fibrous Cap Disruption
Representative images of the plaque with ﬁbrous cap
disruption of the patient with symptomatic right
internal carotid artery stenosis prior to CAS are shown.
(A) OCT demonstrated ﬁbrous cap disruption as the
presence of a discontinuous ﬁbrous cap and cavity
formation (arrow). IVUS (B), T1-weighted image of
black-blood MRI (C), and time of ﬂight image of MRI
(D) did not discriminate this ﬁbrous cap disruption
from other tissue components. The bar (A, B, C, and D)
equals 2 mm. Abbreviations as in Figure 1.
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435Figure 5. Calciﬁcation
Representative images of a plaque with calciﬁcation
prior to CAS for a patient with symptomatic right
internal carotid artery stenosis are shown. OCT (A)
demonstrated calciﬁcation as a heterogeneous, sharply
delineated, signal-poor or signal-rich region, or
alternating signal-poor and signal-rich regions (white
arrows). IVUS (B) depicted calciﬁcation (white arrows)
as an echo bright area with acoustic shadowing, but
their borders were unclear. Intravascular ultrasound-
virtual histology (IVUS-VH) (C) revealed calciﬁcations
colored by white (white arrows). Computed
tomography scan (D) showed calciﬁcations as high-
density regions (white arrows), however it did not
reveal them clearly. Calciﬁcation that was located on
the far side of the luminal surface was not detected in
OCT images due to the limited penetration depth of
OCT. The bar (A, B, C, and D) equals 2 mm.
Abbreviations as in Figure 1.Figure 6. Lipid-Rich Plaque
Representative images of a lipid-rich plaque of the
patient with symptomatic right internal carotid artery
stenosis prior to CAS are shown. OCT (A) demonstrated
a large lipid pool (*) as a homogenous, diffusely
bordered, signal-poor region with an overlying signal-
rich band corresponding to a ﬁbrous cap. Whereas OCT
could not assess the entire arterial wall because of the
limited penetration depth, IVUS (B) depicted the
plaque as heterogeneous with an echolucent core (*).
IVUS-VH (C) revealed a large lipid core (*) colored by
light green. A T1-weighted image of black-blood MRI
(D) showed higher intensity in the carotid artery
plaque (white arrow) compared with sternocleidomastoid
muscle (arrowhead), indicating lipid rich component.
An advantage of IVUS or MRI is the ability to assess
the entire arterial wall. The bar (A, B, C, and D)
equals 2 mm. Abbreviations as in Figures 1 and 5.
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Figure 7. Ulcerated Plaque
Representative images of an ulcerated plaque of the
patient with symptomatic right internal carotid artery
stenosis before CAS are shown. OCT (A) demonstrated
an ulceration as a cavity with a lacerated superﬁcial
intimal layer (white arrow). IVUS (B), T1-weighted
image of black-blood MRI (C) or time of ﬂight image of
MRI (D) did not discriminate this ulcerative lesion from
other tissue components. The bar (A, B, C, and D)
equals 2 mm. Abbreviations as in Figure 1.
